Introduction: Psychiatric disorders such as schizophrenia require appropriate treatment. Second-generation antipsychotics, including olanzapine, are administered as an appropriated treatment for these disorders. However, this drug has several complications, such as obesity and increased waist circumference which reduces the acceptance of the treatment. Objectives: The aim of this study was to investigate the effects of vitamin D3 therapy on waist circumference caused by olanzapine. Patients and Methods: In this randomized clinical trial, 50 hospitalized women with psychiatric disorders receiving olanzapine were divided into two groups of intervention and control groups. Before the intervention, the waist circumference, hip circumference, and waist-hip ratio were measured. Then, for 12 weeks, the intervention group received vitamin D3 and the control group received paraffin as the placebo, one pearl every 2 weeks. Waist circumference, hip circumference, and waist-hip ratio were re-measured and the collected data were analyzed by pair t test. Results: Our findings showed that there is a significant decrease in waist circumference and waist-hip ratio in intervention group (P < 0.001). However, these changes were not significant in the placebo group. Hip circumference was not changed significantly in both groups. Conclusion: Vitamin D can be administered concomitant with 0lanzapine to improve side effects of olanzapine such as increasing waist circumference.
Introduction
Psychiatric disorders, including schizophrenia and mood disorders, require effective and appropriate treatment. Olanzapine is a second-generation antipsychotic drug that has very low-peripheral side effects and is administered to treat various psychiatric disorders including psychosis, obsessive-compulsive or bipolar disorders. This drug is also administered for the treatment of Huntington's disease. Olanzapine has several side effects, including weight gain, increasing blood lipids, and increasing risk of diabetes and cardiovascular disease. Comparing with other second-generation antipsychotic agents, administration of olanzapine leaded to a higher proportion of weight gain and obesity. Olanzapine results in obesity by type 1 histamine receptors (1) . The most common forms of olanzapine are 5 and 10 mg pills, administered 10 to 20 mg/d. Obesity is the second major health problem (2) . Central obesity and a high waist-hip ratio of over 0.9 in females and over one in males are independently associated with a higher risk of metabolic syndrome (1) . According to standard definitions, metabolic syndrome is defined as: 1) Abdominal obesity as waist circumference above 102 cm in males and above 88 cm in females. 2) Hypertension above 130/85 mm Hg. 3) Triglyceride levels above 150 mg/dL. 4) Fasting blood glucose above 100 mg/dL. 5) HDL cholesterol less than 40 in males and less than 50 in females (3). Concerning cardiovascular and metabolic factors, higher waist circumference is associated with increased risk of cardiovascular disease (4) . Various modalities were tested to reduce waist circumference and metabolic syndrome caused by administration of olanzapine. Vitamin D3 is one of the drugs supposed to have association with obesity (5). Cholecalciferol (vitamin D3) is the available form of this vitamin (6) and its oral form is consisted of 50 000 IU of vitamin D3 (7). Many obese people have low levels of this vitamin (4) . The normal serum level of vitamin D is 30 to 80 ng/mL (8) such as depression and schizophrenia (9) . Various studies have been conducted to reduce waist circumference and consequently metabolic syndrome caused by olanzapine. Numerous studies have also been conducted on drug-related or non-drug-related obesities. For example, Soares et al conducted a controlled clinical trial on this subject in Australia. The results of their study showed, receiving low serum levels of vitamin D3 was associated with a higher prevalence of obesity and increased waist circumference. It was also found that vitamin D3 was effective in weight loss by increasing fat oxidation after meals (10) . Likewise, Song et al obtained similar findings of Soares et al. However, they reported a different mechanism for weight reduction impact of vitamin D. They concluded a role for vitamin D to regulate of fat cell death and lipid metabolism (11) . Similarly, Salehpour et al investigated the association between vitamin D deficiency and obesity. They evaluated the effects of 12-week vitamin D supplementation on anthropometric indexes in obese and overweight women. The results of their study showed an inverse relationship between serum vitamin D level and body fat mass, including waist circumference and weight. In overweight obese women, vitamin D level was increased by vitamin D3 supplementation and it led to a decrease in body fat (5). Accordingly, Tamer et al assessed the incidence of obesity and abdominal obesity in women without diabetes and without metabolic syndrome. The studied women were divided into two groups based on their vitamin D3 levels. The first group included people with vitamin D deficiency and the second group included women without vitamin deficiency. They measured body mass index (BMI), waist circumference, and waist-hip ratio and compared them between the two groups. The results showed that BMI, waist circumference, waist-hip ratio, obesity and abdominal obesity was lower in the group without vitamin D deficiency, as compared to the group with vitamin D deficiency. They concluded, vitamin D levels have an inverse relationship with BMI (12). Mai et al showed that low levels of vitamin D was associated with a higher incidence of obesity. In subjects with a BMI greater than 30 kg/m 2 , serum vitamin D levels were less than 50 nmol /L. They found low serum levels of vitamin D was associated with a significant increase in odd ratios of the incidence of obesity during follow-up. In addition, vitamin D serum levels of less than 50 nmol/L were clearly associated with obesity with a recent onset in adults (13) . Recent investigations have focused on vitamin D deficiency and its association with obesity as an important health issues. Studies have shown that obese people who are suffering from vitamin D3 deficiency may also suffer from poor regulation of adipose tissue. It is possible that adipose tissue may be a direct target for vitamin D3 implication.
Mai et al (13) also highlighted the bioavailability of vitamin D3 receptors and 25-hydroxyvitamin D3 1-alphahydroxylase, in mice and human fat cells. There are some evidences on the effects of vitamin D3 on body fat, through inhibiting the transcription of lipid cells and regulating fat during the differentiation of fat cells. The study by Ding et al showed vitamin D metabolites also affect adiponectin products and inflammatory responses in adipose tissue (14) . Olanzapine is effective in treating all psychiatric disorders. According to the low incidence of off-pyramid side effects, this drug is effectively used for the treatment of patients. However, it has some complications such as obesity and increased waist circumference and is associated with an increased risk of cardiovascular diseases and metabolic syndrome that can reduce the acceptance of treatment by the patients.
Objectives
The aim of this study was to investigate the effect of vitamin D3 on reducing obesity and overweight caused due to the use of olanzapine in women with psychiatric disorders.
Patients and Methods

Study population
In this clinical trial, we studied 50 hospitalized female patients who were under treatment of olanzapine in psychiatry ward of Ahvaz Golestan hospital from September to March 2014. Patients were divided into two groups of 25 patients for each as control and intervention groups randomly. Inclusion criteria were: age group between 20 to 25 years old, not having a medical illness, normal serum vitamin D level, absence of pregnancy, and a weight gain of around 3-4 kg after receiving olanzapine. Before the intervention, the waist circumference, hip circumference, and waisthip ratio were measured and recorded. Patients with an increase in the above mentioned indices were considered for a complete medical history, liver and kidney tests assessments. Additionally, their serum levels of vitamin D3 were checked (serum vitamin D3 levels should be above 30 ng/mL to be an inclusion criteria) (8) . To conduct the study, for 12 weeks vitamin D3 pearl was administered for the intervention group, one pearl per week. In addition, for 12 weeks paraffin pearl as placebo was administered for the control group, one pearl per week. The instructions for the administration of pearls was recommended by nutrition advisors. Both vitamin D3 and paraffin pearls were obtained from pharmaceutical companies. After the intervention, waist circumference, hip circumference, and waist-hip ratio were re-measured and recorded. Before the intervention, the subjects were instructed not to change their lifestyle during the study.
Ethical issues
The study protocol was approved by Ethical Committee of Ahvaz Jundishapur University of Medical Sciences (#U-93168). The research followed the tenets of the Declaration of Helsinki. Written informed consent was obtained from all patients and remained confidential.
Statistical analysis
Sample size was calculated by considering a confidence interval of 95% and a power of 90%, based upon previous studies. Statistical analysis was conducted using SPSS 18 (software SPSS Inc., Chicago, IL, USA). For evaluating the vitamin D3 efficacy and comparison of waist circumference, hip circumference, and waist-hip ratio between the two groups and also within each group before and after the intervention, independent t test and paired t test were used, respectively. P values less than 0.05 were considered statistically significant. Table 1 , no significant difference of waist circumference, hip circumference, and waist-hip ratio between the two groups of intervention and control before the study was detected (P > 0.05).
Results
According to
To investigate the impact of vitamin D3 therapy, waist circumference was compared before and after study in intervention group. We found, waist circumference in the intervention group had a statistically significant difference before and after the administration of vitamin D3 (P <0.001) ( Table 2 ). However in control group, no significant changes was seen. As it is shown in Table 3 , hip circumference in the placebo group, the mean value did not change thus it had no P value. The intervention group also had no statistically significant difference of hip circumference before and after the intervention (P = 0.84). The comparison of waist-hip ratio showed a significant decrease before and after administration of vitamin D3. However, there was no significant changes in control group (Table 4) .
Discussion
The results of this study showed, waist circumference was significantly reduced in intervention group, receiving vitamin D3 (P < 0.001), while we did not observe impressive changes in waist circumference and waist-hip ratio, as compared with group who received placebo. The effects of vitamin D3 on the reduction of waist circumference is also reported in a study by Salehpour et al (5) . In addition, other studies such as Tamer et al have found that waist circumference and waist-hip ratio have a negative relationship with the serum level of vitamin D3 (12) . In the present study, we found, vitamin D3 was effective in reducing waist circumference and waist-hip ratio. Mai et al assessed the relationship between waist circumference and obesity and vitamin D levels. The results of their investigation showed, people with larger waist circumference had a vitamin D level of below 50 ng/L, which is below the normal level. In our study, vitamin D3 serum level was normal in the two groups of patients receiving placebo and vitamin D3. Thus vitamin D3 deficiency, as a confounding factor, was excluded. Hence, considering the normal levels of vitamin D3 in the two groups, it is possible that the reduction of waist circumference and the waist-hip ratio was attributed to vitamin D3 therapy. However, this finding is different from the results of the study by Mai et al (13) . Furthermore, the study of Ding et al revealed that vitamin D3 is effective in metabolism and obesity through controlling adipose tissue, while people with vitamin D3 deficiency are more obese (14) . In our study, the difference in waist-hip ratio was statistically significant in intervention group (P < 0.001), but there was no statistically significant difference in group receiving placebo (P = 0.56).
Conclusion
This study showed, vitamin D3 was effective in reducing waist circumference and waist-hip ratio, and was generally effective in reducing obesity. It was also known that patients receiving olanzapine experience an increased in waist circumference, metabolic syndrome, and obesity. These problems reduce patients' tendency to accept olanzapine while it is an effective treatment for psychiatric disorders. The positive effect of vitamin D3, as observed in this study, is improving patient's self-confidence and improved their interpersonal relationships and their adherence to treatments. On the other hand, vitamin D3 is also effective in improving psychiatric disorders, including schizophrenia and depression. Therefore, it is recommended to administer vitamin D as a supplement, along with psychiatric drugs including olanzapine.
Limitations of the study
Given the small number of samples and the short duration of the intervention, it is necessary to conduct longer studies with more samples. It is also necessary to conduct further studies on the effects of vitamin D3 and other drugs which have a positive effect on waist circumference and waist-hip ratio and metabolic syndrome caused by the administration of olanzapine (based on other criteria).
